He was also interested in the question of the population in the Medical Research Council trial. He took it that this must have excluded all those who suffered sudden death. Therefore, the result based on incidence at diffeent hours of the day would be very highly biased. He asked whether Dr Rose could comment on the point.
Dr Rose agreed that sudden deaths were excluded. In regrd to the Medical Research Council trial, speaking as an epidemiologist he would not wish to underrate the problems of dealing with hospital data. It merely described the pattern of onsets in those who survived long enough to get into hospital. With regard to the cholesterol story, he thought that it must be left that serum cholesterol differences did not explain the association with walk to work in their population. He did not wish to generalize about what might be the association between cholesterol level and other kinds of physical activity in other groups.
A speaker said he had been interested in Dr Rose's remarks about the difference in size of coronary arteries between people who took exercise and those who did not. He asked whether there was any information on whether coronary arteries can grow in size in people who became trained, or did Dr Rose postulate an inborn anatomical situation.
Dr Rose replied that the problem was that as a rule we could not measure in man the size of coronary arteries in life, since coronary angiography was hazardous. There was experimental evidence in rats that forced exercise might be associated with the growth of coronary arteries. Actuaries have been studymg human taly for more than two hundrd years. 1)wiu *his period, -dramatic changes have tae plce-i ft social environment. which have rested in tbt, elimination or drastic reductio of inftioas diseases, such as cholra, diphteia a44 tnlmculosis. Nowadays a much higher of babies survie to old age so that actoiul attention has dwelt more and more on m at ages over 50, namely the ages when caner and circulatory disass are the main k le in the middle-aged, by far the most inportat^of the circulatory causes of death is coronary hert disease.
I hope that I shall not misinepret my tak, if I say that I believe I may be ex d to : some facts to 'add verisiiitude to a dan unconvcing narrative'. There may bo di-, appointnent, because I think that th fat efan be stated very briefly and they wil surprm few of you. How to relate the facts about, cotonrty disease to a consideration of fitness in Senerlis a different matter.
As an actuary, I am interested in coronary disease on two accounts. First, because it is important in the nation at lre; second, because of its importance in life assne and health insurance, the business in which I am engaged.
Let us look first at population statistics, as revealed by the report on the 1961 census (Registrar General 1961) . There has been a startling fall, since the turn of the eentury, of mortality rates at all ages, a fall particularly striking at the younger ages. Parenthetically, this alone demonstrates a considerable gaim in fitns over the period. This decline in rates of mortity has not yet ceased, as a comparison of the 1961 census figures with those of the previos census in 1951 indicate. If we look at the mortality rates between age 35 and age 75, we are l ycertinl including those ages most affected by coronary disease. The 1960-62 rates of morality (ROgsrat General 1961) expressed as a percentage of the 1950-52 rates (Registrar General 1951) 79  70  40  81  79  45  82  83  50  86  84  55  91  84  60  97   86  65  99  87  70  98  88  75  97  87 duction is minimal at age 65. We can therefore conclude that, however the incidence of coronary disease has increased, it has not in itself yet reversed the trend to increasing longevity. However, the increase in coronary disease as a cause of death is dramatic. This is shown in the Registrar General' degeneration. Perhaps we should be on safer ground if we concentrated our attention more on the total deaths from all diseases of the circulatory system. We can certainly sum up all this by saying that the growing importance of coronary disease in the population at large is clear but it has not yet halted the progressive reduction in rates of mortality.
How does the actuary or underwriter in a Life office regard coronary disease? We must remember that the Life office is a business and not a laboratory and that, heartless though it may seem, the actuary in the Life office is involved in the length and not in the quality of life. We know that coronary disease will figure increasingly as a cause of death claims and that some of these claims will occur depressingly soon after the life assured has been medically examined and accepted at standard rates. I am aware that there is some evidence in North America that the improvement in mortality of male lives assured in the age group 45-65 has virtually ceased, as a result of the increase in cardiovascular disease. In the United Kingdom, male mortality in this age group is still following the trend in general population mortality and continues to decrease slightly, with the rise in coronary deaths being offset by the decrease in deaths from other causes. It is possible that our methods for the selection of risks are insufficiently searching, so that some cases are accepted as standard risks which should be declined or rated for coronary disease. It is also possible that some men may suspect coronary disease in themselves and may effect life assurance before seeking medical advice. I do not think that such cases of what we call anti-selection are numerous.
Once diagnosed as suffering from coronary disease, most people probably abandon all thought of life assurance. This is not always necessary, for many people with known coronary disease are acceptable for life assurance by certain offices though the extra premium required is substantial. Some recent figures published in the Statistical Bulletin of the Metropolitan Life Insurance Company of New York (1969) help to illustrate the position. The records of 231 male employees who had survived for 60 days after an acute cardiac episode between 1953 and 1963 were traced to July 1 1968. Of the 105 men with a specific diagnosis of coronary occlusion or myocardial infarction, 41 died, representing a death rate of 58 per 1,000. The mortality among these men was about four times that of standard risks, being a higher ratio at ages under 50 and lower in the age range 50-65. A death rate of 38 per 1,000 was recorded among the 126 cases without specific occlusion; this was about 2-5 times the mortality of standard risks. For the cases of definite coronary occlusion classified as first attacks, the same experience indicates that the mortality in the first year since attack was about 8 times the expected but that it dropped to about 2-5 times the expected after 4 years.
It may help if I give an example of the way in which a case of coronary disease may be underwritten for life assurance. If a man aged 50 proposes for a whole life assurance, is known to have had a myocardial infarction three years earlier but is now apparently well, has no other serious impairments and is leading a well regulated life, he may be acceptable by some offices subject to an extra premium of £3 1Os % for 7 years, reducing thereafter to £2 % per annum. If he had suffered only from myocardial ischoemia without infarction, a lower extra premium would probably be charged, of the order of £3 % per annum for 7 years, reducing to £2 % per annum thereafter. If the proposal were for an endowment assurance maturing at age 65, all these extra premiums would be reduced by £1 %.
While on the subject of life assurance, I feel I should mention the importance of overweight in life assurance underwriting. Nowadays, Life offices allow considerable latitude (this is probably the right word) provided that there is no other serious impairment. Few offices would rate for overweight as an isolated feature unless the degree of overweight is 30% or more. Possibly the Life offices are too generous in this respect, as there is some evidence that there is a higher than normal incidence of coronary disease among overweights. Be that as it may, once overweight is associated with other impairments, especially cardiovascular impairments, Life underwriters are much more severe. Coronary disease together with significant overweight is regarded as a serious combination which will often bar life assurance altogether.
Life underwriters and actuaries are often asked why they do not pay more attention to cigarette smoking, because of its association with a number of diseases, bronchitis, carcinoma of the lung and coronary disease. One reason is that the facts about smoking are as difficult to obtain satisfactorily as the facts about drinking. There are, however, strong grounds for viewing cigarette smoking as an important additional impairment when underwriting for life assurance a proposal where there is a history of coronary disease.
So far, I have considered coronary disease as a cause of death rather than disability. From both the national and insurance points of view, the disability aspect is important but unfortunately we know very little about it. It is certain that in many cases of coronary disease there is eventually a return to reasonably full activity. Where this is so, some kind of disability insurance may possibly be available for the best cases.
Why is coronary disease of special interest in a symposium on fitness? Fitness will by now surely have been defined in many ways although I hope that physical capacity alone has not been the criterion. Clearly, the onset of coronary disease does diminish physical fitness and all kinds of physical exercise or effort have to be strictly controlled in anyone who suffers from coronary disease; even here, a return to reasonable gentle exercise is, I believe, usually considered beneficial and walking is perhaps the best of exercises. It is possible that coronary disease will also affect the mental capacity of the sufferer but I should hesitate to say so. Dr R W Pamell (1954) writes that 'Fitness for this or that occupation is related to physique' and we naturally have to consider physique as affected by a disease such as coronary disease. Dr Pamell implies in his paper that athletes are usually endomorphicor ectomorphicmesomorphs and there seems to be evidence that there is a higher than normal incidence of coronary disease in the endomorphic-mesomorph. He also states that the relative proportion of fat and muscle development can rarely be influenced much by either feeding or exercise. Arguments about the relationship of diet, exercise and coronary disease are apt to be circular. Were the bus conductors attracted to the more active life because they were on the whole ectomorphic-mesomorphs or ectomorphs? If so, the lower rate of coronary disease among bus conductors compared with bus drivers, which is the subject of Dr J N Morris's (1953) study, may be the result of their physical endowment rather than the result of their greater exercise. There seems likely to be a definite link between occupation and coronary disease, because we should generally expect coronary disease to be a less important cause of death in those whose work entails regular physical activity. I should expect a low incidence among postmen (as long as they remain pedestrian), agricultural workers and so forth and a higher incidence among the desk-bound, especially those who travel from house to office by car. No convincing evidence seems to be available that athletic fitness in youth is correlated with longevity though this is certainly a field where statistical investigations are extremely difficult. The statistics of quality have always been intractable compared with statistics of quantity.
Perhaps our main difficulty is that we cannot easily talk about athletic fitness except in relation to youth or early maturity. Physical fitness associated with continued regular exercise becomes with age increasingly hard to define. There are, moreover, splendid examples to show what a great contribution may be made to society by the physically unfit such as Helen Keller. As someone who has enjoyed physical activity in many forms but has been outstanding in none, I well remember feeling insulted when some years ago I was told that my motto was 'to enjoy rather than to excel'. As I grow older, I wonder whether this was not indeed something of a compliment. 
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DISCUSSION
Dr J E Cotes (Cardiff) said he would like to take up an important point which Mr Steeds had raised in relation to the contribution by Dr Rose. This concerned the evidence that a high rate of customary activity did, in fact, protect against coronary disease. Dr Rose had spoken of an association but in his analysis he had not taken into account gluttony and cigarette-smoking.
Six months ago Dr T W Meade (Proc. roy. Soc. Med. 1969, 62, 624) reported the results of a factor analysis in which he showed that when one took into account body weight, blood cholesterol, smoking habits and the casual blood pressure, the difference in incidence of coronary disease between, for example, bus drivers and bus conductors could be described without reference to their levels of activity. Dr Cotes felt Mr Steeds had a strong point when he said that the evidence for exercise, in addition to these other things, protecting against coronary disease was very small indeed. He wondered if this was what Mr Steeds had intended to say.
On receiving an assurance that this was so, Dr Cotes asked if Dr Rose agreed.
Dr Rose replied that he regretted that in the studies of occupation and coronary disease so few investigators had looked wider than just those two measurements. Because of this lack of measurement of other relevant factors, such as diet and cigarette-smoking in many, although not all, of the studies, it was right that we should be a little cautious in interpreting an association as causal. He felt, personally, that further observational studies with a wider range of measurements would be helpful but that the point could not really be settled apart from a controlled experiment.
Mr Vaughan Thomas (Twickenham) asked whether the financial interest which Mr Steeds, as a member of a great profession, had in the longevity and cardiac health of his subjectsor patients, or customerswas reflected in the development of objective methods of testing this cardiac fitness. Since he had a financial interest in the fitness of his customers, Mr Vaughan Thomas wondered whether he knew how to measure such fitness objectively.
Mr Steeds replied that he felt it was not the right moment to deliver a lecture about methods of selection for life assurance purposes. The quick answer was that they did not want to test people to destruction in order to prove that they were unacceptable for life assurance.
It was a surprising fact, not known to the general public, that life assurance offices were anxious to accept people at standard terms and not to reject them. They therefore willingly accepted the risk that they had not made a thorough physical study, as a doctor would understand the term, before being prepared to accept a risk for life assurance. That was why he had mentioned a word, used a great deal in his own profession but which might have been strange to the present audience -'anti-selection'. It had been suggested by an eminent actuary some years ago that if they could have been equipped with efficient liedetectors they could have thrown their medical apparatus out of the window.
General Discussion
Chairman Sir Hector MacLennan FRCOG Professor J M Tanner (Institute of Child Health, London): I think it was Robert Hutchins, who as a very young President redesigned the University of Chicago, who was taken to task by someone who said that he should have included facilities for physically exercising the students in one way or another. He said that he could.not see why.
He was, in fact, an endomorphic mesomorph, a powerful sort of chap. When asked, 'Do you not ever take exercise? Is it not a good thing?' he gave the classic reply: 'Whenever I feel the need for exercise coming over me, I lie down very quietly until it passes off.' I now discover that not only should we perhaps follow his advice, but also that whenever we feel the urge for fresh air, we should apparently do the same since, according to Professor Donald, opening windows is one of the more dangerous activities in the middle af the night.
To tell the truth I can only understand the inference of one of the words in the title of this Symposium, and that is the definite article. The others I find extremely difficult.
I have come only far enough to realize that there are two sets of references under the connotation of fitness. The first was best stated by Roger Bannister when he gave a definition of fitness as a state of mental and physical harmony enabling an individual to carry on his job and his life with the maximum happiness. The Minister said almost the same thing when he quoted the WHO definition of health as being a state of social, physical and mental well-being. He went on to say that this tells us what sport is about: social intercourse, friends &c. That meaning of fitness seems to be what, in the good old pre-scientific days, we used to refer to as health. Some people used to refer to it as 'positive health'. Nobody managed to define it, although everyone recognized its importance. It seems to me that that is one of the meanings in the minds of a lot of people here, and certainly in that of Professor Asmussen. He said very similar things and added, by implication, that fitness had a psychological connotation when he spoke of the fitness to 'take' -in the psychological sensethings like strains as being part of a general concept of fitness.
Let us for a few moments consider this general concept. I was very impressed with what the Minister for Sport had to say. I was particularly impressed when he said that we did not want any more schools. I could not agree more. Schools have always seemed to me to be very odd things to have in the community. Instead the Minister talked about Community Centres being built where things which the children are doing we, the adults, can do too. We may even go on learning, as well as taking exercise.
I am sure that the Minister is right to encourage an end to the division between childhood and adulthood. It is like being asked: 'What are we to do about the school-leaving age?' To my mind, the only sensible reply is: 'Abolish it.'
The Minister then pointed out what a bad situation exists for facilities for exercise for young adults. Physical exercise was very general among children at school and apparently, according to the figures quoted by Mr Peter McIntosh, it was actually enjoyed and thought usefuLl by schoolchildren; but shortly after leaving school, or after starting a family, in the great majority of cases such activity was dropped entirely because of the lack of opportunity. Therefore, it is reassuring that someone in a position of authority, like Mr Howell, feels this way and that the facilities for education in all our age groups represented here might become better within the next three or four generations.
The other definition of the word 'fitness' has been in relation to exercise. This has been discussed in a highly technical sense. If we are discussing this aspect of fitness, we must go to what psychologists would call 'specifics', i.e. fitness for a particular athletic task. It does not seem that over-all fitness, even in the exercise sense, can be createdit has to be fitness for something. Professor Donald underlined this when he spoke of the problem of ordinary, or rhythmic, exercise and isometric exercise. Even in this exercise area one cannot get fitness for everything one wants to do; it is necessary to know first what we want to do and then pursue the fitness for that purpose.
In terms of the future, it was, surprisingly, not until the end of our Symposium that it was said that the tendency of modern lifemore marked in the United States than here-is that it has become less and less necessary to do a great deal of work of any sort in order to maintain a high level of economic productivity, given a favourable political situation. This involves very much less physical activity than in the past, when as Roger Bannister said, the question of 'Fitness for what?' was easily answered. Fitness was for fighting other people, or animals, for working from dawn to dusk in the fields and so on.
This relates to a particular interest of mine, adolescence. At this age boys undergo a great increase in muscle size and strength. What is a boy to do with that strength? I have always believed that if one has muscle it should be used, and suspected that if one had a good deal of muscle and did not use it, something frightful would happen, like having a coronary. I still wonder if it is not true that it is the naturally muscular people who have coronaries if they do not use their muscles.
I would like to leave in your minds a structural appraisal of where we are, but this is quite difficult to do on the basis of the discussion that we have had. Let me recapitulate by saying that I think the speakers have had in mind primarily a very general concept of fitness, amounting to the old concept of health stemming from the Greek idea; after this, they discussed the exercise type of fitness, moving into fitness for specific types of activity, including those activities involving more psychological than physical stress. Professor Donald gave the nice example of the motorist who was passing another motor-car. Very little physical strength was involved but a good deal of psychological stress was entailed.
Lastly, we have discussed the relation of fitness, if any, with the epidemic of coronary disease with which we are faced.
The Chairman: During this introduction to the discussion Professor Tanner has probably raised some of the questions that the audience would like to have asked. One point has emerged clearly on which Professor Donald or Dr Rose may wish to comment. Professor Tanner said that he has a hunch that if one has muscles without using them it is possible to develop a coronary and vice versa. There was a slight tangential reference to that in Dr Rose's paper when he spoke about the large arteries. Professor Donald gave a slightly different angle to the question. Would either Professor Donald or Dr Rose care to comment upon the hideous things that might happen if one does not use one's physical talents?
Dr Rose (London): This is an area in which I feel uncomfortable because, as an epidemiologist concerned with a mortal disease, one may come to the conclusion that fear should drive a man to exercise whereas, as a human being who has enjoyed exercise, and still does, I vastly regret that this should be the motive behind what I feel instinctively should be a normal human activity.
Professor Donald (Edinburgh): I cannot answer the question that if one does not use one's physical attributes, there is an increased danger of coronary disease. The old physicians used to consider that a stocky man, with freckles and thick neck, was more prone, but this has not been proved so far as I know by epidemiological studies.
Mr Vaughan Thomas (Twickenham): Is there any evidence to suggest that exercise taken in middle age, aimed at returning fitness to those patients who have suffered cardiac embarrassment, leads to a development of cardiac anastomosis, which might go along with the development in size of the coronary arteries? Professor Donald: There is evidence of this in Jenkin's studies of people who have done graduated exercises and then had a fatal coronary, although the series is relatively small. The younger the person, the more this can happen. That is well established. As they get older, into their sixties, even if they do this graduated exercise or continue a normal life, the amount of new anastomoses developing is very small. Mr Michael Down (Loughborough): All the evidence given in the papers this afternoon concerning the prophylactic value ofexercise in combating coronary heart disease referred to studies on various forms of occupational worker. It struck me that the work has covered many different types of occupation. A postman is very different from a railway worker. There are many studies involving occupational activities of different kinds. For instance, lumberjacks are probably engaged more in strength-type activities than the rhythmic endurance type, under which one might classify the postman. Although we may not at present be able to quantify how much exercise is desirable in counteracting heart disease, the type of activity we should ideally use is, I think, of critical importance.
Mr Steeds, in his paper, referred to jockeys. One needs guidance as to the most appropriate type of activity. It seems to me that golf would not be as good an activity in this respect as traditionally assumed. Ideally the activity should be of the continuous rhythmic type.
The Chairman: This is a question of measuring. Has Dr Mervyn Davies any observations to make upon the difference in measurements made upon the activities of a lumberjack as compared with a postman, or the mental stresses of a chairman of a group like this and himself? Dr Mervyn Davies (London): My own view on this is that the essential thing is that people should get enjoyment and satisfaction from exercise. The worst thing is to force them into exercise that they do not enjoy. They will at first be enthusiastic and then give it up. Most gymnasium activities which we used to do in schools come into that category, as do the artificial exercises now prescribed in certain health clubs. In the context of coronary heart disease, I suspect that the activity must involve large muscle groups and eneigy expenditure. I do not agree with the static type of movements, for reasons given by Professor Donald.
If you enjoy swimming, or golf, or washing the car, or gardening then this is the right activity for you. There is, however, a time factor herethe man on the gate at a Rugby match expends more energy than the players, because he works for a greater length of time and will be active for about three hours, whereas on the field the players may be active for as little as five minutesand this must also be taken into account.
Dr R N Sen (Department of Ergonomics, Loughborough University) enquired about the effects of emotional stress and if there was any basic discrepancy in the heart-rate reaction as a result of emotional or physical stress. Mr Down, supporting this question, wondered whether the heart-rate rise and increase in blood flow which come with emotional stress could be an actual training stimulus.
Professor Donald: If the question relates to how high can cardiac output be with emotion or stress, I have measured them up to about 14 litres a minute in resting people. I cannot say whether this does them any good as a type of training. The unlikely idea that one might keep fit by deliberately meditating on stress or exercise is ingenious but does not get us very far. It is an attractive idea for lazy people.
Dr Edholm (London): I do not know whether the speakers are allowed to raise questions, but I would like to make one general point, raised by Professor Tanner and mentioned during the discussion. I refer to the statement that we are becoming less physically active, or less so than our immediate ancestors. In this I am thinking of the last 50 or 100 years. It is clearly obvious that everybody assumes this to be true, but I do not know of any good evidence to show that the amount of physical activity is any more or less now than it was, say, 10, 20 or 30 years ago.
There have been a lot of obvious changes, as when tractors were brought in to mechanize the farms, and a great deal of hard work was thus saved. But the work of the man who drives the tractor has not been saved at all. He is working quite as hard driving his tractor as he was previously on the ground, although the amount of work done now by one man would formerly have been done by perhaps ten.
There has also been, as illustrated by Dr Lloyd, a steady, almost relentless, improvement in athletic performance. This is all a little hard to equate with the fact that we are all becoming more physically inactive. Mr Steeds spoke of the improvement in mortality, bringing out the very factor that our fitness in that sense is improving. Therefore, I would like to question that we are becoming, or have already become, much more inactive today than ever before.
Professor Tanner: What I had in mind was that the amount of energy which a population in the west expended on their job per week is in some areas going down and will go down in other areas. Basically I am thinking of a situation in a modem and computerized car factory where one sees hardly anyone except for the man who wanders around making sure that the buttons are pushed at the right time and that they work properly. Dr Edholm very correctly quoted the example of a tractor driver. What about the computer operator who was previously a waitress?
I agree that this is one of those rather obvious thoughts which needs to be questioned, but I would be surprised if it were not the case. I added the words 'per week' on purpose, because the United States is moving swiftly towards the four-day week. If one then spends the remainder of the day watching television, activity is really cut down. The point I was making was that a much greater proportion of our physical activity will be leisure rather than work.
Dr Roger Bannister (London): I also made the suggestion that we were less active than we used to be, though it is sometimes difficult to get evidence as to what happened thirty or forty years ago. Increase in record-breaking has been suggested as possible evidence to the contrary. I do not think this is necessarily so. There are perhaps, at an outside estimate, 20,000 serious athletes, who take the view that they must beat existing records. That is what they are aiming at. There is no point in breaking a record established ten years previously. They gauge their efforts and exercise to the amount which is necessary at that particular time to overcome the record. This involves running greater distances to some extent, but there comes a point where athletes can overtrain, and there is a certain optimum return in relation to distance run. I feel that the athlete is certainly a special case and the general arguments in relation to the inactivity caused by greater ease of public transport for 50 million people probably outweigh by a very considerable amount the greater activity ofthis small sub-group of athletes. Mr Vaughan Thomas: Since we have no scientific evidence accumulated over a period of many years to decide whether we are more or less active, we could at least use evidence which does exist and which probably would be best given to us by Mr McIntosh concerning the sociological and historical data about the activities of our ancestors.
Mr Peter McIntosh (London): This may not provide an answer, but one of the questions one has to face when dealing with adolescents, especially when trying to make boys or, more particularly, girls take exercise in a gymnasium is: 'Why make us fitter than we need to be?' It is meaningless to them to say: 'Because you may get a coronary thrombosis at the age of 45 or 50.' Boys and girls are not afraid of death. If they were, there would be more objectors to military service. They are certainly not afraid of dying at 50. Therefore, this is entirely erroneous motivation. While it may be important for the 50-yearold, there is a danger that in emphasizing fitness we may be getting the emphasis wrong.
Obviously there will be very great differences of interest according to individual variations of personality and physique. Some boys and girls like to take their exercise sitting down: rowing and horse-riding are for them. Others like a very aggressive form of exercise and Rugby football may be the answer for them.
It seems to me that one does not want to emphasize fitness which will be a by-product of activity, but to emphasize the activity which will be of interest to the individual. This is what education ought to be about and this is the point that I wished to make. It really arose from points made earlier on the philosophy of fitness and exercise rather than on the technique. Dr A B Ford (Cleveland, Ohio): Dr Herman Hellerstein and I have had experience in measuring energy expenditure on the job in light metal manufacturing and heavy steel industries at the steel mills in Ohio. We measured the energy expenditure of a sample of people working in these two types of industry by sampling their oxygen consumption while at work. Our findings showed that average energy expenditure on the job in most manufacturing industries in the United States today is extremely lowabout 2 5 calories a minute was the average figurescarcely more than twice the resting levels. Very rarely do individuals have to expend energy equivalent to that of stair-climbing at work. This is true even in the steel mills.
We found from a comparable study that certain jobs which are now automated in Cleveland and done by pushing buttons are still done by hand in Sweden, though this was perhaps twenty years ago. Thus there is evidence that jobs have been shifted from high energy to low energy levels, and it is clear that many individuals in American industry today expend less energy at work than in getting to and from their work or at simple recreations, such as bowling.
Lieutenant-Colonel J P Crowdy (Ministry of Defence): I think we are all convinced that activity is better than sloth and that exercise produces a beneficial effect in stopping us from getting, or reducing the incidence of, coronary artery disease. The speakers have dealt exclusively with coronary artery disease, and I wonder whether other potential benefits from exercise have been considered. It might be that senile change could be postponed by improved cerebral blood flow resulting from exercise continued into old age. Can anyone suggest other benefits from increased and enhanced activity? Dr Roger Bannister: I do not know of any evidence on measurement of other factors. If you mean intellectual changes when you refer to senile changes, I think there is no evidence of decline in intellectual faculties in relation to inactivity. In fact, your assumption that we have actually proved the relationship between exercise and coronary disease goes, I think, further than many of us would feel to be justified. Speakers were very cautious about the suggestion that that had, in fact, been proved. Dr J J McMullan (Chesham): Dr Bannister referred in his definition of health to mental and physical harmony and its relation to carrying on an occupation to the best of one's ability. I am surprised that we have not heard more about the assessment of fitness for specific occupations. This is done regularly by industrial medical officers, and outsiders sometimes query whether the assessments have been correct.
Part of my work is to see people who wish to be employed in an industry delivering frozen food to North-West London and the Home counties. This is an exacting job in two senses. There is physical stress in loading the lorries and environmental stress in the cold store. I have only turned down one person in over two years. He had had a mitral valvotomy within the past 18 months. Even then I was not certain that I was right in rejecting him, but I did not feel I could risk 'testing him to destruction'.
It is significant that there is not really a very objective way ofmeasuring fitness for occupation, not even in rehabilitation centres where there are large numbers of specific tests. It is not easy to get an objective report on what people are able to do short of putting them to the job ond seeing them do it.
I think that more centres for assessment could be very useful, not only for people with disabilities but also for the young school-leaver who may not know what he wants to do and who could try out quite a number of tasks to see how well he was suited to them instead of going from job to job and getting the reputation of being a drifter. I would be interested in comments on this.
Professor Asmussen (Copenhagen): I am interested in the problem of rehabilitation, because in our institute we try to assess people's working capacity. We also have found that it is very difficult to do -this if we test only the man. You cannot tell what other demands the job is making on him. Research must therefore be undertaken along two linesto find out what are the actual demands made on the man by his work, and to discover the man's capacity. By comparing the two, it is possible in some degree to place a man in the right job.
Dr R Archibld (National Coal Board): Mr Steeds will correct me if I am wrong, but I think that sickness absence in British industry is currently running at 8%, 10% or 12%, depending on the industry. This is not confined to Britain but is repeated in many other industrial countries. By the structure of British industry, when workpeople return to work they must inevitably return to their full day's work and cannot be drawn in gradually. Dr Rose referred to the time and the day on which coronary incidents occurred. This makes me wonder whether he had studied, or whether it would be worth studying, the effect of return to work after prolonged absence in people who have previously been fit and in whom there is, therefore, no bar in returning to normal occupation. Dr Rose (London): This would present all kinds of difficulties of interpretation, apart from execution. In terms of an observational, as opposed to an experimental study, I cannot see quite how one would make use of information on what happened to people in the early days after their return from absence. What would have happened if they had not come back? These would be insuperable difficulties.
Dr A B Ford: In Cleveland and in other cities in the United States we have a device which we call the work classification clinic. This is a special clinic, usually organized on a voluntary basis by the Heart Society, to which physicians having patients with heart disease and an employment problem can refer such patients.
Thepatientis seen at the clinic by a cardiologist, a social worker, a nurse and sometimes by a psychiatrist. General evaluation is made, which usually includes an exercise tolerance test, and on the basis of this, sometimes shored up by extensive communication with the employer, advice is given as to whether the patient is fit for a particular job. I would say that this has been an effective device for encouraging employers to hire or rehire individuals for work. It has often revealed that blocks in employment have to do more with fear and misunderstanding than with physical disability. The clinics have been effective in getting a number of people back to work. It has put the question of fitness on a somewhat more scientific and objective basis, and has generally been a successful activity.
Mr Vaughan Thomas: Reference has been made during the day to 'tests to destruction'. My initial question to Professor Asmussen was one of a definition of exhaustion. I would like to tell you of the subject of an experiment, who within a month or so of experimentationwhen he was successfully tested to destructiondied during the course of an athletic competition when competing under the influence of stimulation by alcohol and amnphetamine.
We re-examined the concept of the nature of our tests in which we were testing sportsmen to destruction and came to the conclusion that with a healthy sportsman it was not possible to destroy while testing; the inbuilt negative control mechanism of the very fit man would prevent him from destroying himself.
Consequently, in subsequent tests since that time of perhaps 200 international sportsmen, we have pushed people during tests to the point where they have collapsed generally unconscious. In no case have we had any indication of subsequent damage to the heart or any other organ within the body. I would be grateful if members of the medical profession, and of my own physical education profession could comment on this practice, in which we are now engaged quite regularly.
A speaker: May we ask for clarification of the reasons for their becoming unconscious, and what kind of tests were carried out? The issue is clearly a grave one from several points of view.
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Mr Vaughan Thomas: In general, our tests are of long duration with maximal effort on either a treadmill, or of repetitive effort in a gymnasium or bicycle ergometer. We formed the opinion that a slight lowering of the blood supply to the brain causes unconsciousness. Generally we have an assistant available to catch subjects if they fall; we believe no harm is done in that most of our subjects regularly reach such stages of exhaustion during training and competition.
Dr Roger Bannister: At the end of races like the 400 metres, when the athlete stops suddenly, there is a reduction in the venous pump action from the muscles, and one presumes that the venous return falls and at that time a form of syncope may occur. This is usually so brief that I doubt whether any serious damage occurs.
Clearly athletes can push themselves to a quite severe point of exhaustion. One only has to see some additional stress for this rate of collapse to become much commoner. That is what one saw in Mexico City. There were suggestions that it was some form of psychological reaction, but having seen it and having correlated it with the nature of the event they were doing, and often with the nature of the preparation they had had the opportunity to receive at altitude, it was quite clear to me, as to other doctors and physiologists who were there, that this was likely to be a form of peripheral circulatory failure induced by severe exercise to the point of arterial anoxemia.
Mr Martin Hyman did studies of this kind with Dr Pugh in Mexico and may be able to comment from the experimental subject's point of view.
Dr Brian Lloyd: I am interested in the statement that an athlete can run himself to the point of exhaustion under normal circumstancesnot just exhaustion in the sense that he cannot maintain his pace, but an exhaustion where we must conclude that at sea level he becomes anoxic through circllatory failure. I find it difficult to see how an athlete, by sending nerve impulses down to muscles which cannot respond to the nerve impulses reaching the endplates, can fall into circulatory failure. It seems very remarkable to me, but it is implied that this can happen, and of course it happens with horses.
Professor J M Tanner: Do these athletes collapse while exercising or during the moment after they have stopped?
Mr Vaughan Thomas: There is a division of reaction to such exercise tests. About 40% of international sportsmen are capable of selfor extrinsic-motivation which will allow them to drive themselves to collapse whilst competing. The signal of exhaustion in such a case -on a bicycle ergometer, for exampleis that the rider would fall off or is momentarily unconscious. I am not a medical man so I cannot define it more closely than that.
The other 60% are not capable of pushing themselves to the stage where they stop exercising by falling down. But humanity makes us stop them. Then, being relieved of the stress of exercisingand perhaps, as Dr Bannister said, because of the sudden cessation or lowering of venous returnthere may be this peripheral drop in circulation which will then lead to a blackout or loss of consciousness. My main concern is whether I am likely to be taken to court for having taken unreasonable risks with admittedly volunteer sportsmen subjects. Mr Martin Hyman (Swindon): I have acted as a sort of universal guinea-pig who has also run in various parts of the world over a long period. I am suspicious of studies that refer to people exercising to exhaustion, particularly those that start off with a group of 30 untrained university students exercised to exhaustion and then trained in a certain way and retested. If the criterion of exhaustion was just when they felt like stopping, that is fair enough, but the capacity for people to exhaust themselves to the point of collapse is extremely rare. I would put it below 40-60 %.
In my experience of international or Olympicstandard long-distance runners, one or two have actually collapsed at the end of a race, but this has been only one or two races in their whole career. Fewer than 10% ever collapse under normal conditions. If one looks at an Olympic 10,000 metres final not more than two out of 40 finalists collapse, and very often none at all.
As a guinea-pig I was with a team of six who both raced and did exercise at maximum oxygen consumption on bicycle ergometers and other specific training tests. There were no cases of collapse throughout the whole of our month there. Nevertheless I myself have collapsed many times in the laboratory, always with tests involving, after exercising maximally, rebreathing CO2 from a mixture of 10% oxygen. Whether this is dangerous I do not know, but I still survive. Dr Mervyn Davies: I must have measured about 300 normal people and have had only two cases of collapse. I am thus not able to support the statistics of 40%. From my experience, I would say less than 1 %.
Professor Donald: I cannot help feeling that if these athletes are being exercised to unconsciousness during exercise, something pretty grave is im '' o. Soc. M. Vohb6 a'6November1969 g~u OR.-It is likely that such subjects have cirfil:re, eithler pump failure or peripheral failure. Even a cardiac when exerisig maintains a ceebral circulation to the last ditch. These atbletes must, therefore, experence a very severe degre of failure, perhaps left ventricular failure, and I find this a little alarmig.
PrAo A sen: There may be several reasons for exhaustion and collapse after prolonged exercise. One which has not been mentioned is hypoglycemia. Mr Vaugho 1ho_s: During the current series of investigations the mean heart rate recorded by all subjects was in the region of 205. This is a higher rate than previously recorded by a large group of investigators, although I am not certain whether this is true. If it is, it might point to the fact that we are pushing subjects harder than has previously been done in experiments.
The Chefrn3a: You asked for guidance, Mr Vaughan Thomas, and I think you have received some. A consensus of opinion appears to be that you should perhaps re-examine some of the more severe tests.
by Sir Hector MacLennan Ficoo (President of tie Royal Society of Mediine) It is with some reluctance that I draw to a }o* a most successful meeting, in which all hWe learned something and many much.
It must be generally agreed that the Rviya Society of Medicine has kept up, and*e enhanced, its standard of symposia. We owe th*, of course, entirely to the high quality of the co. tributions made by our speakers and we. vO'e given a splendid start by Professor Asmu_*e, our Danish guest.
With Dr Lloyd, Mr Peter McIntosh, Dr D**s and Dr Edholm, we had in the r a scientific-physiological exercise; in the to balance' the fare, we remained scetic but became more clinical. Professor Donald, GeA* Rose and Mr Steeds provided ample materal for discussion and Professor Tanner made the most of his opportunities in his opening remarks.
Observations from the floor.of the house bae been provocative and it only remains for oe t thank all who have taken part, including the audience, for making this an exciting occasion.
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